ABSTERAC I

Prevalence of the skin lesion
acanthosis nigricans was determined
in two tribal communities in Texas
and Nebraska. Thirty-eight percent
of the Alabama-Coushatta tribe of
Texas had acanthosis nigricans. Nine-
teen percent of Omaha and Win-
nebago tribal children had the skin
lesion; the youngest children had the
least acanthosis nigricans. Among
weight-matched Alabama-Coushatta,
fasting insulin concentrations were
twofold higher in subjects with the
lesion. It was concluded that acantho-
sis nigricans is highly prevalent among
Native Americans and that its pres-
ence suggests insulin resistance. Thus,
it may identify those with the highest
risk for non-insulin-dependent diabe-
tes mellitus in this population. (4m J
Public Health. 1994;84:1839-1842)
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Introduction

In the past 40 years, diabetes among
Native Americans has changed from a
rare occurrence to an epidemic. The
prevalence of non-insulin-dependent dia-
betes mellitus in some tribes is in excess of
50% for those over the age of 35 years.!2
In Native Americans, obesity nearly al-
ways precedes the development of non-
insulin-dependent diabetes.!

Acanthosis nigricans, a hyperplastic
skin lesion, is associated with insulin
resistance and hyperinsulinemia.>> The
areas involved include the collar region of
the neck, the axillae, the inner surface of
the thighs, the elbows and knuckles, and
the skin folds of the abdomen. The back
of the neck is the most commonly involved
and, often, most severely affected area. A
previous school-based survey of adoles-
cents found acanthosis nigricans in 0.5% of
White children, 5.7% of Hispanic children,
and 13.3% of African American children.

We recently performed surveys of
two separate Native American communi-
ties. These surveys measured the preva-
lence of obesity and of acanthosis nigri-
cans on the neck in members of the
Alabama-Coushatta tribe of eastern Texas
and in the children of the Winnebago/
Omaha community of northeastern Ne-
braska. Fasting serum glucose and insulin
concentrations were determined in the
Alabama-Coushatta subjects.

Research Design and Methods

Acanthosis nigricans is characterized
by skin that is thickened, coarse, and
darker than the surrounding skin. The
presence of acanthosis nigricans was rated
as negative (0), mild (1+), moderate (2+
or 3+), or severe (4+), as previously
described.’ Only the neck was systemati-
cally examined in all surveys. Obesity was
defined as body weight in excess of 120%
of ideal weight. Ideal weight was deter-
mined from measured height (as defined
by the National Diabetes Data Group®)
for adults and from the normative data of
the National Center for Health Statistics
for children.’

The automated colorimetric method
was used in measuring serum glucose
concentrations. Serum insulin concentra-
tions were quantitated with a double
antibody radioimmunoassay kit (INC-
STAR, Stillwater, Minn). Subjects with
fasting plasma glucose concentrations
greater than 105 mg/dl were asked to
return for further testing that included,
for most subjects, an oral glucose toler-
ance test. Diabetes mellitus was diag-
nosed (1) if at least two fasting plasma
glucose concentrations were 140 mg/dl or
higher or (2) by the glucose tolerance test
criteria of the National Diabetes Data
Group.5

The Alabama-Coushatta Tribal
Council encouraged tribal members to
avail themselves of a health evaluation
offered by the community health clinic
beginning in March 1989. Each family was
scheduled for an early morning appoint-
ment and asked to arrive after an over-
night fast. Over a 1-year period, 260 of the
350 tribal members living on the reserva-
tion were examined. This survey was
divided chronologically into two phases.
The initial 83 subjects received a general
examination and only a fasting serum
glucose test. These data were included in
the analyses of obesity and of the preva-
lence of non-insulin-dependent diabetes.
The subsequent 187 subjects were specifi-
cally examined for acanthosis nigricans,
and insulin concentrations were also
determined. Thirty-three serum samples
were lost as a result of improper process-
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FIGURE 1—The prevalence of obesity, acanthosis
nigricans, and non-insulin-dependent
diabetes mellitus (NIDDM) among members
of the Alabama-Coushatta tribe.

FIGURE 2—Age-related prevalence of obesity and
acanthosis nigricans among
Winnebago/Omaha children.

ing, leaving 144 samples for analysis of
insulin concentration.

All of the children of three public
schools, one private school, and two
community Head Start programs in the
Winnebago and Macy areas of northeast-
ern Nebraska underwent screening for
obesity and acanthosis nigricans during
the fall of 1992. Weight was quantitated
on a balance beam scale, and height was
measured with a cantilevered sliding
measuring scale. Ethnic background was
obtained from tribal records. Sixty-eight
percent of the Native American children
were full blooded, and 92% had at least
50% Native American ancestry. Those
having no known Native American ances-
tors were classified as non-Native Ameri-
cans. At the time of the survey, five
children were not ethnically classified and
were excluded from the analysis. No se-
rum samples were collected in this survey.

Fasting insulin concentrations of the
Alabama-Coushatta participants were
compared between groups with and with-
out the skin lesion by means of two-way
analyses of variance.

Results
Prevalence of Obesity and Acanthosis
Nigricans

Figure 1 shows the relationship of
the prevalence of obesity, acanthosis
nigricans, and non-insulin-dependent dia-
betes to age among 260 members of the
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Alabama-Coushatta tribe. Among 51 chil-
dren between 10 and 19 years of age, the
prevalence of obesity was 55%. The
prevalence of obesity among tribal mem-
bers in their 40s was 97%. Acanthosis
nigricans was identified in each decade of
life but had a prevalence of about 40% in
the subjects 10 through 49 years old. The
prevalence of this skin lesion was lower in
subjects greater than 50 years of age, with
only about 13% of those in their seventh
decade affected. In contrast to the de-
crease in the prevalence of acanthosis
nigricans in later decades, the prevalence
of non-insulin-dependent diabetes steadily
increased with each decade of life, reach-
ing 52% in the sixth decade.

A total of 1217 children in the
Winnebago/Omaha reservations were ex-
amined. Seventy-one children were classi-
fied as non-Native Americans, and 5 were
not ethnically classified. Figure 2 shows
the age-related prevalence of obesity and
acanthosis nigricans among the 1141
Native American children 3 to 19 years
old. Obesity was present in 13% of 53
children less than 4 years old but in-
creased steadily to 37% at 12 years of age.
The increasing prevalence of acanthosis
nigricans paralleled the prevalence of
obesity. Of 1141 Winnebago/Omaha chil-
dren, 308 (27%) were obese and 219
(19%) had acanthosis nigricans. However,
50 (23%) of those with acanthosis nigri-
cans were not obese. The prevalence of
acanthosis nigricans increased with in-

creasing obesity, such that only 7% of
Native American children who were 80%
to 120% of their ideal weight had the
lesion but more than 90% of those who
were greater than 180% of their ideal
weight had it. In contrast to the Native
Americans, age-matched White children
in the same community had a lower
prevalence of obesity (9 of 71, or 13%)
and a much lower prevalence of acantho-
sis nigricans (only 1 child was affected).

Relationship of Acanthosis Nigricans
to Hyperinsulinemia

The relationships between obesity,
acanthosis nigricans, and fasting serum
insulin levels were evaluated among the
Alabama-Coushatta people. Panel A of
Figure 3 shows the mean fasting insulin
concentrations in members of the Ala-
bama-Coushatta tribe who had at least
grade 1 acanthosis nigricans on their
necks, obese subjects without acanthosis
nigricans, and those who did not have the
skin lesion and were within 20% of their
ideal weight. Both the obese group and
the acanthosis nigricans group had insulin
concentrations significantly higher than
those of the lean tribal members. Panel B
shows similar data from 60 White non-
Hispanic subjects grouped by the same
criteria. These White subjects were among
those evaluated for insulin resistance at
the University of Texas Medical Branch
General Clinical Research Center for
purposes independent of this study. Ala-
bama-Coushatta subjects with acanthosis
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nigricans had significantly lower insulin
concentrations than did the non-Native
Americans with acanthosis nigricans
(P < .01). In contrast, lean Alabama-
Coushatta individuals had significantly
higher fasting serum insulin concentra-
tions than did age- and weight-matched
White controls (11.2 = 1.3 vs 6.4 0.7
pU/ml, P < .01).

Discussion

Acanthosis nigricans, a skin lesion
once thought to be rare? has recently
been established as common, particularly
among African Americans and Hispan-
ics.> The data presented here demon-
strate that this skin lesion is highly preva-
lent among Native Americans living in
two separate areas of the United States.
The age of onset of acanthosis nigricans
closely paralleled the onset of obesity
among Winnebago/Omabha children, with
both being present in less than 15% of
children under 4 years of age. The preva-
lences of both obesity and acanthosis nigri-
cans increased steadily during childhood.
In children 12 years of age, obesity was
present in 37% and acanthosis nigricans
in 32%. The prevalence of acanthosis ni-
gricans was far in excess of that seen in
our previous school surveys of Whites,
Hispanics, and African Americans.

Obesity was present in 55% of 51
Alabama-Coushatta children (10 to 19
years of age). Obesity afflicts virtually
everyone among the Alabama-Coushatta
people as age advances, and non-insulin-
dependent diabetes is present in more
than half of the tribal members in their
sixth decade of life. The age-related peak
prevalence of non-insulin-dependent dia-
betes was associated with a decline in
acanthosis nigricans, which may be a
reflection of a decrease in insulin secre-
tion. Nonobese members of the Alabama-
Coushatta tribe had significantly higher
fasting plasma insulin concentrations than
did nonobese White non-Hispanics. This
difference in fasting plasma insulin concen-
trations is consistent with the hypothesis
that Native Americans may possess heredi-
tary insulin insensitivity.

Virtually every tribe in the United
States and Canada appears to be stricken
with a similar epidemic of non-insulin-
dependent diabetes.>!! Only the Alaskan
Eskimos have recently been documented
to have a diabetes prevalence no higher
than that in the general population of the
United States.!? This excess prevalence of
non-insulin-dependent diabetes is not
restricted to Native Americans, however;
many indigenous peoples across the world
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FIGURE 3—Fasting plasma insulin concentrations among subjects with
acanthosis nigricans compared with such concentrations among
unaffected obese and lean control subjects.

have evidenced recent increases in the
disease.13-16

Hyperinsulinemia is a marker for
predisposition to non-insulin-dependent
diabetes.’>2 Hyperinsulinemia, without
fasting hyperglycemia, has been found to
be a significant risk factor for the develop-
ment of coronary artery disease in a series
of diverse population studies.'®2+27 The
increased risk of coronary disease in
patients with insulin resistance may be
part of a cluster of hyperinsulinemia-
associated characteristics that include
high circulating triglyceride concentra-
tions, low plasma high-density lipopro-
tein, upper body obesity, and hyperten-
sion,19.28-30

We conclude that the presence of
acanthosis nigricans on the necks of
Native Americans is a readily visible
marker of endogenous hyperinsulinemia
and, thus, a marker for risk of developing
non-insulin-dependent diabetes. Screen-
ing for acanthosis nigricans among Native
Americans in clinics and schools to iden-
tify individuals at the highest risk for
developing non-insulin-dependent diabe-
tes has important implications for develop-
ing intervention strategies to combat the
diabetes epidemic afflicting Native Ameri-
can communities. {J

Acknowledgments

This research was supported in part by grants
from the National Institutes of Health
(DK33749) and the Indian Health Service
(ISR000416-01).

We wish to express our appreciation for
the support of the superintendents, principals,
teachers, and other officials of the St. Augus-
tine School, the Winnebago Public School, the
Macy Public School, the Walthill Public School,
and the Macy and Winnebago Head Start
programs for their cooperation and assistance
during screening. In addition, our particular
appreciation is offered to the Alabama-
Coushatta tribe and the Winnebago and
Omaha tribes for their interest in and support
of this study. Finally, we wish to acknowledge
the important contributions of LaDeane
Bramer in data entry and Barbara Fontno in
preparation of this manuscript.

References

1. Lillioja S, Bogardus C. Obesity and insulin
resistance: lessons learned from the Pima
Indians. Diabetes Metab Rev. 1988;4:517-
540.

2. Knowler WC, Pettitt DJ, Saad MF, Ben-
nett PH. Diabetes mellitus in the Pima
Indians: incidence, risk factors and patho-
genesis. Diabetes Metab Rev. 1990;6:1-27.

3. Kahn CR, Flier JS, Bar RS, et al. The
syndromes of insulin resistance and acan-
thosis nigricans. Insulin-receptor disorders
in man. N EnglJ Med. 1976;294:739-745.

4. Stuart CA, Peters EJ, Prince MJ, Richards
G, Cavallo A, Meyer WJ. Insulin resistance

American Journal of Public Health 1841



Public Health Briefs

10.

11.

12.

13.

14.

with acanthosis nigricans: the roles ofobe-
sity and androgen excess. Metabolism.
1986;35:197-205.

. Stuart CA, Pate CJ, Peters EJ. Prevalence

of acanthosis nigricans in an unselected
population. Am J Med. 1989;87:269-272.

. National Diabetes Data Group. Classifica-

tion and diagnosis of diabetes mellitus and
other categories of glucose intolerance.
Diabetes. 1979;28:1039-1057.

. Hamill PVV, Drizd TA, Johnson CL, Reed

RB, Roche AF, Moore WM. Physical
growth: National Center for Health Statis-
tics percentiles. Am J Clin Nutr. 1979;32:
607-629.

. Acanthosis nigricans. In: Rook A, Wilkin-

son DSD, Ebling FIG, eds. Textbook of
Dermatology. Oxford, England: Blackwell
Scientific Publications; 1979:1307-1310.

. Sievers ML, Fisher JR. Diabetes in North

American Indians. In: Diabetes in America.
Washington, DC: US Dept of Health and
Human Services; 1985:1-20. NIH publica-
tion 85-1468.

Megill DM, Hoy WE. Risk factors for renal
disease in a native American community.
Transplant Proc. 1989;21:3902-3905.
Young TK, Sevenhuysen G. Obesity in
northern Canadian Indians: patterns, deter-
minants, and consequences. Am J Clin
Nutr. 1989;49:786-793.

Schraer CD, Lanier AP, Boyko EJ, Gohdes
D, Murphy NIJ. Prevalence of diabetes in
Alaskan Eskimos, Indians and Aleuts.
Diabetes Care. 1988;11:693-700.

Zimmet P, Taft P, Guinea A, Guthrie W,
Thoma K. The high prevalence of diabetes
mellitus on a central Pacific island. Diabeto-
logia. 1977;13:111-115.

Zimmet P, Faaiuso S, Ainuu J, Whitehouse
S, Milne B, DeBoer W. The prevalence of

1842 American Journal of Public Health

15.

16.

17.

18.

19.

21.

22.

diabetes in the rural and urban Polynesian
population of Western Samoa. Diabetes.
1981;30:45-51.

Sicree RA, Zimmet P, King OM, Coventry
JS. Plasma insulin response among Nauru-
ans: prediction of deterioration in glucose
tolerance over 6 years. Diabetes. 1987;36:
179-186.

O’Dea K, Trainedes K, Hopper JL, Lar-
kins RG. Impaired glucose tolerance, hy-
perinsulinemia, and hypertriglyceridemia
in Australian Aborigines from the desert.
Diabetes Care. 1988;11:23-29.

Reaven G, Miller R. Study of the relation-
ship between glucose and insulin responses
to an oral glucose load in man. Diabetes.
1968;17:560-569.

Haffner SM, Stern MP, Hazuda HP, Pugh
JA, Patterson JK. Hyperinsulinemia in a
population at high risk for non-insulin-
dependent diabetes mellitus. N Engl J Med.
1986;315:220-224.

Reaven GM. Role of insulin resistance in
human disease. Diabetes. 1988;37:1595-
1607.

. Reaven GM, Hollenbeck CB, Chen Y-DI.

Relationship between glucose tolerance,
insulin secretion, and insulin action in
non-obese individuals with varying degrees
of glucose tolerance. Diabetologia. 1989;32:
52-55.

Bennett PH, Knowler WC, Pettitt DJ,
Carraher MJ, Vasquez B. Longitudinal
studies of the development of diabetes in
the Pima Indians. In: Eschwege E, ed.
Advances in Diabetes Epidemiology. Amster-
dam, the Netherlands: Elsevier Biomedical
Press; 1982:63-74.

Saad MF, Knowler WC, Pettitt DJ, Nelson
RG, Mott DM, Bennett PH. The natural
history of impaired glucose tolerance in the

24.

26.

27.

29.

30.

Pima Indians. N EnglJ Med. 1988;319:1500-
1506.

. Lillioja S, Mott DM, Howard BV, et al.

Impaired glucose tolerance as a disorder of
insulin action: longitudinal and cross-
sectional studies in Pima Indians. N Engl J
Med. 1988;318:1217-1225.

Rubenstein AH, Seftel HC, Miller K,
Bersohn I, Wright AD. Metabolic response
to oral glucose in healthy South African
White, Indian, and African subjects. BMJ.
1969;1:748-751.

. McKeigue PM, Marmot MG, Court YDS,

Cottier DE, Rahman S, Riemersma RA.
Diabetes, hyperinsulinaemia, and coronary
risk factors in Bangladeshis in East Lon-
don. Br Heart J. 1988;60:390-396.

Hughes LO, Cruickshank JK, Wright J,
Raftery EB. Disturbances of insulin and its
action in British Asian and White male
survivors of myocardial infarction. BMJ.
1989;299:537-541.

Oliver MF, Nimmo IA, Cooke M, Carlson
LA, Olsson AG. Ischaemic heart disease
and associated risk factors in 40 year old
men in Edinburgh and Stockholm. Eur J
Clin Invest. 1975;5:507-514.

. Zavaroni I, Bonora E, Pagliara M, et al.

Risk factors for coronary artery disease in
healthy persons with hyperinsulinemia and
normal glucose tolerance. N Engl J Med.
1989;320:702-706.

Stout RW. Insulin and atheroma: 20-year
perspective. Diabetes Care. 1990;13:631-
654.

DeFronzo RA, Ferrannini E. Insulin resis-
tance. A multifaceted syndrome respon-
sible for NIDDM, obesity, hypertension,
dyslipidemia, and atherosclerotic cardiovas-
cular disease. Diabetes Care. 1991;14:173-
194.

November 1994, Vol. 84, No. 11



